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NGHIEN CUU LI THUYET KHUECH TAN CUA HOP KIM XEN KE AB
VOI CAU TRUC LAP PHUONG TAM KHOI

Nguyén Quang Hoc', Binh Quang Vinh', Lé Hong Viét* va Nguyén Van Phuong®

‘Khoa Vit Ii, T ruong Pai hoc Suw pham Ha Noi
’Khoa Khoa hoc Tw nhién, 7T ruong St gudn Luc quén 1, Ha N¢i
$Trieong Trung hoc phé théng Hodang Héa 2, Thanh Hoa

Tém tit. Bai bao nghién ctru 1i thuyét khuéch tan cua hop kim xen k& AB véi ciu tric 14p phuong
tam khéi. Bang phwong phap théng ké mémen chung t6i da rit ra cac biéu thirc giai tich cia ning
luong tu do cua nguyén tr xen k&, khoang cach 14n cin gin nhét giita hai nguyén tir xen k&, céac
thong sé hop kim dbi v6i nguyén tir xen k&, cac dai lugng khuéch tan nhu tan sé bude nhay cua
nguyén tir xen k&, do dai budc nhay hiéu dung, thira s6 twong quan, hé sb khuéch tan va ning
lwong kich hoat cing véi phuong trinh trang thai d6i véi hop kim xen k& AB véi cdu tric 1ap
phuong tim khdi duéi tac dung ctia 4p suat. Trong truong hop khi ndng d6 nguyén tir xen ké bang
khong ta thu dugc I thuyét khuéch tan ctia kim loai chinh A.

Tir khéa: Hop kim xen ke, tan s6 budc nhay, do dai budc nhay hiéu dung, thira s6 tuong quan, hé
s0 khuéch tan, nang lugng kich hoat.

1. M& dau

Hop kim néi chung va hop kim xen k& (HKXK) noi riéng 1a nhitng vat liéu phd bién trong khoa
hoc va cong nghé vat li€u. Viéc nghién ciu HKXK da va dang thu hat sy quan tam cta nhiéu nha
nghién ctu [1-7].

Mot trong cac Ii thuyét dugc stir dung dé nghién ctru hop kim 12 Ii thuyét khuéch tan. Dbi voi hop
kim n6i chung va HKXK néi riéng, ¢6 hai co ché khuéch tan co ban 1a co ché thay thé va co ché xen k&.
Co ché nao 1a cha dao phu thude vao tirng kim loai va cac tap chét pha tap.

Hai thong s6 co ban nhat can duoc xac dinh khi nghién ctru qua trinh khuéch tan 1 ning luong
kich hoat va hé sb khuéch tan. C6 mot sb phuong phap i thuyét dé xac dinh cac thong s6 ndy nhu md
hinh Einstein, phuong phap téc d6 phan mg, phuwong phap dong hoc nguyén tir,... Tuy nhién, cac
phuong phép néi trén phan 16n chi méi giai quyét vé mat dinh tinh va khi nghién ctru dinh luong gap
nhiéu khé khin vé mit toan hoc do phai thyc hién nhiéu phép tinh gan dung dic biét 1a dbi véi cac mo
hinh hop kim nhu HKXK. Phuong phap thong ké moémen di duoc ap dung trong nghién ciru tinh chat
cAu trac, nhiét dong, dan hoi, chuyén pha va khuéch tan cua kim loai va hop kim [8-10].

Hién nay chua c6 nhiéu _nghién ctru dinh lugng vé sy khuéch tén ciia hop klm xen k& AB véi ciu
truc 14p phuong tim khéi. Bang phuong phap thong ké mémen khi nghién ctru su khuéch tan cua hop
kim xen k& AB v6i ciu trac 14p phuong tdm khbi ching t6i c6 thé rat ra duoc cac biéu thire giai tich
clia nang luong tu do ctia nguyén tir xen k&, khoang cach 1an cin gan nhét giira hai nguyén tir xen k&,
cac thong s6 hop kim ddi véi nguyén tir xen k&, cac dai lugng khuéch tin nhu tin s6 budc nhay cta
nguyén tir xen k&, do dai budc nhay hiéu dung, thira s6 tuong quan, hé sb khuéch tan va ning luong
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kich hoat cung voi phuong trinh trang thai d6i voi HKXK AB v6i ciu trac 1ap phuong tim khoi
(LPTK) dudi tac dung cua ap suét.

2. N§i dung nghién ctru
2.1. Co ché khuéch tan trong hop kim xen ké

Trong mé hinh HKXK AB véi cau trac LPTK, cac nguyén tir A ¢6 kich thudc 16n ndm & cac dinh
(nat mang) va tdm khdi, con cac nguyén tir xen k& B ¢6 kich thudc nho hon nam & cac tam mit. Trong
md hinh nay, c6 2 cach dé nguyén tir B dich chuyén dén tAm ciia cac mat mang bén canh. Theo cach I,
nguyén tir B tir tAm mit (vi tri 1) di chuyén qua diém giita canh 6 mang (vi tri 2) téi tAm mit 1an can
v6i khoang cach a (a la chidu dai canh 6 mang). Theo cach nay, ¢ 4 vi tri ma nguyén tir B ¢6 thé dich
chuyén t6i (Hinh 1). Theo cach II, nguyén tir B tir tim mit (vi tri 1) di chuyén qua diém giita doan ndi
2 tdm cda 2 mat mang vudng goc voi nhau cia mot 6 mang (vi tri 3) téi tdm mat 1an can voi khoang
cach a/~/2 (vi tri 3). Theo cach nay, c6 8 vi tri ma nguyén tir B ¢6 thé dich chuyén t6i (Hinh 2).
2.2. Nang lugng tu do ciia nguyén tir xen ké trong hop kim xen ké

Ning luong tu do ciia mot nguyén tir xen k& B trong HKXK AB véi cdu tric LPTK d3 duoc xac
dinh boi [9].

Hinh 2. Co ché khuéch tin ciia mang LPTK theo cdch IT
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trong phép gan dung diéu hoa. O day, k, =1,38.10°J/K =1,38.10 *°erg/K 1a hang s6 Boltzmann,
X= ZkhT \/E .71 =1,055096.10*Js =1,055096.10 %" erg.s 1 hing sé Planck va cic dai luong
m
B

U, Ky 727 dugc dinh nghia trong [9]. Nhu vy, dé tinh ning luong tu do ciia nguyén tir xen k& B ta can
phai x4c dinh cac dai lugng U,z va k® & nhiét do T. Dé lam didu do, can xac dinh cic khoang cach
lan can gan nhat I;;(0) va 1,z (T) giita 2 nguyén tir B trong HKXK & ap suat khong & nhiét do 0 K va
nhiét do T.
2.3. Khoang cich 1an cin gin nhit giira hai nguyén tir xen ké trong hop kim

C6 thé xac dinh khoang cach 1an can gan nhét r,;(0,0) gita 2 nguyén tir B trong HKXK & ap suat
khéng va & nhiét d6 0 K 1,5 (0,0) tir phuong trinh trang thai hodc tir diéu kién

ouU
{ 0B ] — O (3)
arlB T=0K

bang cach giai phuong trinh nho phin mém Maple, trong d6 U; 12 ndng luong lién két gitra nguyén

tr xen B va céc nguyén tir A cua hop kim. Sau khi tinh duge 5(0,0), co thé xac dinh gi tri clia cac
k B

dai luong K®, @y = [—, 7g tai 1,5(0,0) va tir d6 x&c dinh
Mg
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& ap suat khong va nhiét do T [9]. Do do, c6 thé xac dinh dugc khoang cach lan can gan nhét I (0,T)
giita 2 nguyén tir B trong HKXK & 4p suat khong va nhiét do T theo cong thirc

lg (01T) =l (0’ 0) *+ Yo (O,T), (4)

trong d6 k°, Wy, dugc xac dinh ¢ 4p sudt khong va nhiét d6 0 K.

Trong trudng hop khi nguyén tur xen k& B }(huéch tan theo cach II thi khi chuyén tir vi tri 1 sang
vi tri 2, do cac vi tri khong gian giong nhau (sO nguyén tr trén cac qua cau la nhu nhau) nén ta phai
tinh dén sy thay d6i khong gian dé tinh 5 (0,0), nghia 1a

g (0,0) = 1,5 (0,0) + Ar,g, (%)

trong d6 I,5(0,0) dugc xac dinh tir didu kién cuc tiéu niang lugng lién két va Ar,, 1a phan dic trung
cho sy thay d6i ning luong kich hoat.
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2.4. Céc thong s6 hop kim ddi véi nguyén tir xen ké

Khi nguyén tir xen k& B & vi tri 1 va trong phép gan dung ba qua cau phéi vi [10].

18 = Pas ('1)+2§0AB (rl\jg)""l(PAB (rl\/g),

= (0)+ 42 (cB) + L2 g (142) 255 g (18

1 1
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Khi nguyén tir xen k& B & vi tri 2 va trong phép gan dung ba qua cau phdi vi,

Ugse = 21s (1) + 20,5 (132 ) + 40,4 (15),
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Khi nguyén tir xen k& B & vi tri 3 va trong phép gan dung ba qua cu phbi vi,
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Néu biét thé tuong tic @,,,Pgs thi €6 thé xéc dinh thé trong tac ¢, giita 2 nguyén
tir A va B trong HKXK AB nhu sau:

1
A8 zE((/’AA"”/’BB)' (21)

2.5. Phwong trinh trang thai caa hgp kim xen ké

Coi khoang cach lan cén gan nhét trung binh giita 2 nguyén tir trong HKXK AB xép xi bang
khoang cach lan can gan nhat gitra 2 nguyén tur trong kim loai sach A (hodc B).
Phuong trinh trang thai cia HKXK véi cau tric LPTK ¢ nhiét 0 T duoc viét dudi dang

1 ou, 1 ok
Pv=-—r, + Oxcthx — — 22
1(6 o, 2k ar] @)
4r? X x ok
trong d6 V= va st dung — =———. C6 thé ap dung tét phuong trinh (22) néu nhiét do T,
33 or, 2k e,
dugc chon dé tinh cac thong sb gan véi nhlet do T. G 0 K, (22) c6 dang
10u,  hao, ok
Pv=—r| =—2+—2— | (23)
6 o 2k or

Néu biét dang cua thé tuong tac thi (23) cho phép xac dinh khoang lan cén gan nhat giira 2
nguyén ti trong hop kim & ap suat P va nhiét d6 0 K.

Bing cach lam tuong tu, c6 thé xac dinh dwoc cic khoang cich 1an can gan nhét I;(P,0) va
Iz (P,T) gifta 2 nguyén tir xen k&, ning luong ty do clia nguyén tir xen k& & ap suat P va nhiét do T
va cac thong s6 hop kim dbi voi nguyén tir xen k& & cac vi tri 1, 2 va 3 trong HKXK & ap suat P va
nhiét 46 0 K.
2.6. Cac dai lwong khuéch tan ciia hop kim xen ké

Khi khuéch tan theo co ché xen k&, hé s6 khuéch tan cia HKXK c6 dang
D =gra’, (24)

trong &6 T 14 tan s6 budc nhay, a 1a 6 dai buéc nhdy hiéu dung va g 1a mot hé s phu thude vao cau
trac tinh thé, nhiét d9, co ché khuéch tan va duoc xac dinh béi

g=nf (25)

v6i f 14 thira s6 twong quan va ny 1a s6 vi tri gin nhat ma nguyen tu khuéch tan (nguyén tu xen k&) B
c6 thé nhay vao. Néu cac vi tri ma nguyén tir xen k& B ¢c6 thé nhdy vao c6 xac sudt nhu nhau thi f =
Do céc vi tri g4n ma nguyén tir xen k& B c6 thé nhay vao c6 xac suét 16n hon so voi cac vi tri xa nén f < 1
va gan ding dugc xac dinh boi cong thirc:
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2
f z(l—lj ~1-2
n n (26)

DPéi voi mang LPTK, néu khuéch tan theo cach I, n; = 4, f = 0,5 va néu khuéch tan theo cach 11,
n; =8, f=0,75.
Tan so buoc nhay cua nguyén tur xen ké B dugce xac dinh bdi cong thirc

Ay k®
r=%ex / A , 27
- p( kTJw m W=y, Wy (27)

trong do 1//; la nang luong tu do cua nguyén tir xen k€ B ¢ vi tri 1 va y; 1a ning luong tu do cia
nguyén tir xen k& B & vi tri 2.

D¢ dai buoc nhay hiéu dung ddi véi mang LPTK béng
a=r+r, (28)

o35 0n) &
.

néu khuéch tan va theo céach |

néu khuéch tan va theo cach 1.

Hé s6 khuéch tan c6 dang

E
D=D,exp| —— |, 30
onf £ .
trong do
_ 2 @
D, =n, fa or (31)
va
E=Ay (32)

la nang heong kich hoat.
Khi noéng d6 nguyén tur xen k& Cg thay d6i thi d6 dai budc nhay hiéu dung a va hé s trudc ham
mii Dy thay d6i theo. Ta str dung cc gan ding sau:

rA
VA (33

trong do C,,Cg la cac ndng do cua nguyén tir A va B, ra 1a khoang l4n c4n gin nhit giita 2 nguyén tur

I, =C,I +Cgly =(1-cCg)ry+Cgly Ty =

A trong kim loai sach, I’/: la khoang 14n can gin nhét giita 2 nguyén tr A trong HKXK, rg la khoang
lan can gan nhit giita nguyén tr B va cac nguyén tir A trong HKXK, rg 1a khoang 1an cin gan nhit
gilra 2 nguyén tir B. Tt d6 x4c dinh Ig, g, ;g tuong ung véi cac vi tri 1, 2 va 3 va cac do dai bude

1(r,
nhdy hiéu dung a =r; +I,; hoac a= E(% + r3BJ . Sau d6 tim dugc sy phu thudc cua Doy, D vao

ndng d6 nguyén tir xen k& Cg.

Sau khi xac dinh khoang cach lan can gén nhét, nang luong tu do, cac thong ) hop kim dbi voi
nguyén tr xen k& ¢ cac vitri 1, 2, 3, co thé tim duoc cac dai lugng khuéch tan cua HKXK nhu d6 dai
budc nhay hiéu dung, tan sb budc nhay, ning luong kich hoat, hé sé trudc ham mii va hé sé khuéch
tan. Trong truong hop ndng do nguyén tir xen k& bang khong, ta thu dugc Ii thuyét khuéch tan cta kim
loai chinh A [8].
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3. Két luian

Bing phuong phap mémen thong ké, chung t6i rut ra cac biéu thirc giai tich ctia ning luong ty
do cua nguyén tur xen k&, khoang cach 1an cén gan nhét giira hai nguyén tir xen k&, cac thong s6 hop
kim d6i véi nguyén tir xen k&, cac dai luong khuéch tan nhu tan s6 budc nhay cua nguyén tir xen k&,
d6 dai budc nhay hiéu dung, thira ) tuong quan, hé s6 khuéch tan va nang lugng kich hoat cung véi
phuong trinh trang thai ddi voi hop kim xen k& AB véi cdu tric 1ap phuong tam khdi phy thudc vao
nhiét 6 va ap suat. Trong truong hop ndng d6 nguyén tir xen k& bang khong, ta thu duge I thuyét
khuéch tan cua kim loai sach. Trong bai bao tiép theo, chung toi ap dung cac két qua li thuyét thu
dugc trong bai bdo nay dé nghién ctru sy khuéch tan ciia nguyén tir xen k& trong cac hop kim xen k&
FeSi va FeH dudi tic dung ctia p suat.
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ABSTRACT

Diffusion of interstitial atoms in binary AB interstitial alloys
with a BCC structure under pressure

The free energy of interstitial atoms, the nearest neighbor distance between two interstitial
atoms, the alloy parameters for interstitial atoms, the diffusion quantities for the jumping frequency
of interstitial atom, the effective jumping length, the correlation factor, the diffusion factor and the
activated energy and the equation of state for AB binary interstitial alloy with a BCC structure under
pressure were derived using the statistical moment method. When the concentration of interstitial
atoms is equal to zero, we obtain the diffusion theory of main metal A.

Keywords: Interstitial alloy, jumping frequency, effective jumping length, correlation factor,
diffusion factor, activated energy.



